Abstract Unavailability of essential micronutrients is a major constrain for cowpea growth, nodulation and pod yield under acid soil condition. In this context a two year field experiment was conducted to assess the effect of boron, molybdenum and biofertilizers on growth, nodulation and pod yield of vegetable cowpea in acid soil of eastern Himalayan region. Treatments consisted of four levels of seed treatment with molybdenum and biofertilizers (Rhizobium + PSB) and four levels of foliar spray of boron, laid out in split plot design. The result revealed that combined use of seed treatment with molybdenum (0.5 g/kg seed) and biofertilizers along with foliar spray of boron at 4 weeks of planting significantly enhanced the growth and yield attributes of cowpea and registered 42% and 54% improvement in number of pod and pod yield/plant respectively over control, whereas seed treatment with molybdenum (0.5 g/kg seed) and biofertilizers alone recorded 76% and foliar spray of boron at 4 weeks of planting alone produced 39% higher pod yield/plant over control. 
Introduction
Cowpea is lucrative summer season vegetable and valued for its proteins, minerals and energy. The crop is gaining popularity among vegetable growers due to short duration nature, soil enriching habit and higher profitability that gradually replacing the traditional summer vegetables such as okra and cucurbits. The variety Kashi Kanchan is emerging as popular substitutes of local cultivars in large scale. But in farmer's field the green pod yield is far below than the actual yield potential of the variety. Traditionally the crop is raised using primary nutrients supplied through straight fertilizers without use of micronutrients or biofertilizers. Terai zone soil is characterized by acidic in pH and low in available nitrogen and phosphorus due to light in texture and leaching of bases in high rainfall (Chatterjee, 2009) . The initial growth and root development of the plant get affected due to poor availability of phosphorus. Again Rhizobium starvation is common in micronutrients deficient acid soil. Several reviews suggested that seed inoculation with nitrogen and phosphate solubilizing biofertilizers (PSB) significantly enhanced the plant growth, root proliferation, nodulation and subsequently pod yield of cowpea (Bohra et al., 1990; Stamford et al., 2013) . Molybdenum is required to the Rhizobium bacteria for proper function of nitrogenase enzyme which involved in nitrogen fixation. Again molybdenum is the cofactor for the enzyme nitrate reductase which involved in nitrogen assimilation (Hansch and Mendel, 2009) . The application of molybdenum in deficient soil encouraged nitrogen fixation and nodule formation (Rahman et al., 2008) . Legume crops required more amount of boron compared to most field crops as boron plays vital role in proper development of reproductive organs. Its deficiency leads to sterility in plants by malformation of reproductive tissues affecting pollen germination, resulting in increased flower drop and reduced fruit set (Subasinghe et al., 2003) . Again the boron deficiency could hamper the response to applied nitrogen because nitrogen exacerbates the boron demand of the crop (Prasad et al., 1998) . Mandal et al. (2009) also emphasized micronutrients application along with macronutrients in alluvial soil of eastern Himalayan region to achieve high yield of cowpea. There is a tremendous scope to increase current yield potential of cowpea by enhancing the nutrient availability and better plant growth through incorporation of micronutrients and biofertilizers in the production system. However selection of effective combination of micronutrients and Rhizobium and PSB containing biofertilizers is a critical step. Keeping this view in mind the present study was formulated to access the most suitable combination of micronutrients and biofertilizers for maximization of cowpea productivity in acid soil of eastern Himalayan region.
Materials and methods
The field experiment was conducted at the Instructional Farm of UBKV, Pundibari, Coochbehar, West Bengal, India, during summer season (February to April) of 2011 and 2012. The site is located at 89°23 0 53 00 E longitude and 26°19 0 86 00 N latitude and at 43 m above mean sea level. The soil was sandy loam in texture and acidic in reaction (pH 5.72). The characteristics of experimental soil are given in Table 1 . The experiment was laid out in split plot design with three replications. Main plot consists of four levels of boron (B) spray at 1.5 g/l water [control (F 0 ), foliar spray at 4 weeks of planting (F 1 ), foliar spray at 6 weeks of planting (F 2 ), foliar spray at 4 weeks and 6 weeks of planting (F 3 Table 2 ). The chlorophyll content of the leaves was measured by portable chlorophyll meter (SPAD 502; Minolta, Japan). The soil parameters namely soil pH, organic carbon, available nitrogen, phosphorus and potassium as well as electrical conductivity, cation exchange capacity along with iron, boron, and molybdenum status of soil were estimated by standard analytical methods (Jackson, 1973; Page, 1982; Tandon, 1999) .
The experiment was laid out in split plot design with three replications by allotting the treatments into main plots and subplots. Two year data were collected and subjected to statistical analysis. The data for individual year were computed and pooled mean was worked out. The treatment means were compared using least significant difference (LSD) test at 0.05 level of significance (Panse and Sukhatme, 2000) . All analyses were performed using INDOSTAT version 8.0 statistical package.
Results and discussion

Effect of seed treatment with molybdenum and biofertilizers
The results revealed that seed inoculation with molybdenum (S 1 ) as well as Rhizobium and PSB containing biofertilizers (S 2 ) exhibited superior performance over untreated control (Table 2 ) and the combined seed treatment with molybdenum and biofertilizers (S 3 ) emerged as best and recorded the maximum vine length, leaf chlorophyll content, nodule number and dry weight and root dry weight. As a result, the pod yield attributes were significantly improved and the maximum number of pods (27.34), highest pod length (21.04 cm), pod weight (17.78 g) and subsequently maximum total pod yield (349.41 g/plant and 14.59 ton/ha) were obtained. The result showed that the treatment S 3 produced 113% additional nodules, 29% more number of pods and 43% higher pod yield/plant over the control. Molybdenum is an essential trace element and is vital for synthesis and activity of molybdoenzymes such as nitrogen assimilation enzyme-nitrate reductase and the nitrogen fixing enzyme-nitrogenase, the key regulatory component for initiation of nodulation and maintenance of nitrogen fixation in legumes (Franco and Munns, 1981) . In absence of molybdenum in soil the plant molybdoenzymes can be broken down and severely hamper the nitrogen fixation by soil bacteria (Kaiser et al., 2005) . The retention of molybdenum is very much pH dependent and acidic sandy soils in humid region induced molybdenum deficiency as acidic sands release negligible amounts of molybdenum (Riley et al., 1987) . Again phosphorus plays an important role in the plant's root development, facilitating the earlier formation of nodules, enhancing the activity of Rhizobia, increasing their numbers and enhancing the nitrogen fixation (Srivastava and Varma, 1995) . It also affects plant growth and metabolism through energy storage and transfer in the nodules and shortage of phosphorus hamper biological nitrogen fixation (Sarawgi et al., 2000) . Combined seed treatment with molybdenum and Rhizobium and PSB containing biofertilizers might have improved the available nitrogen and phosphorus status of the soil by means of biological nitrogen fixation and phosphorus solubilization. Asokan et al. (2000) found that seed inoculation with biofertilizers supplied the bioactive compounds such as vitamins, hormones, and enzymes which influenced the plant metabolism. The availability and optimum supply of essential nutrients such as nitrogen, phosphorus and molybdenum favorably influenced the plant vigor, morphology and metabolic processes, which ultimately enhanced the pods per plant and total yield of cowpea. Kothari (2002) stated that seed treatment of molybdenum can effectively supplement internal molybdenum deficiencies and rescue the activity of molybdoenzymes. Sable et al. (2000) reported significant influence of seed inoculation with Rhizobium and molybdenum on soybean roots growth and yield. Subasinghe et al. (2003) registered enhanced cowpea growth and nodulation with molybdenum containing micronutrients and Rhizobium inoculation.
Effect of foliar application of boron
Foliar application of boron showed significant influence on growth and yield attributes of cowpea (Table 2 ). Spraying of boron at 4 weeks of planting (F 1 ) recorded maximum vine length, leaf chlorophyll content, nodule number and weight as well as root dry weight. The same treatment significantly increased the number of pods (24.89), pod length (17.24 cm), pod weight (15.38 g) and finally total pod yield (283.25 g/plant and 13.38 ton/ha). The treatment F 1 registered 26% higher number of pods and 13% greater pod yield/plant over the control. Foliar spray of boron at 4 weeks and 6 weeks (F 3 ) a Treatment: S 0 -control (without seed treatment), S 1 -seed treatment with molybdenum @0.5 g/kg, S 2 -seed treatment with biofertilizers (Rhizobium + PSB), S 3 -S 1 + S 2 ; F 0 -control (no spray), F 1 -foliar spray of boron at 4 weeks of planting, F 2 -foliar spray of boron at 6 weeks of planting, F 3 -F 1 + F 2 .
and only 6 weeks (F 2 ) also produced 24% and 18% greater number of pods and 11% and 7% higher pod yield/plant over the control respectively. Boron is an essential micronutrient and contributed in cell wall formation and strengthening fast growing tissues, but its demand peaks during the reproductive growth stage. Boron deficiency during flowering prevents pollen tube growth and leads to pollen sterility, flower abortion and poor pod setting (Tariq and Mott, 2007) . Boron is relatively immobile and cannot be easily transported to reproductive organs but continuous supply of boron is must during flowering stage. Adequate boron is also required to ensure effective nodulation and nitrogen fixation in legumes (Noor and Hossain, 2007) . Supplementation of boron at 4 weeks of planting coincides with the onset of the reproductive phase that might have influenced the flowering and pod setting and ultimately increases the number of pods and total pod yield per plant. Boron is trace element and there is a narrow gap between deficiency and toxicity in soil-plant system; hence, one spray at the initiation of reproductive phase is sufficient for optimum flowering and pod yield. Subasinghe et al. (2003) observed positive result on nodulation and dry matter content of cowpea up to 4 ppm boron concentration but was found negative with further increase in boron concentration. Workers such as Schon and Blevins (1990) , Bolanos et al. (1996) and Nahardani et al. (2013) also highlighted beneficial effect of boron in legume crops.
Interaction effect of seed treatment with molybdenum and biofertilizers and foliar application of boron
The result indicated a significant interaction between seed treatment of molybdenum and biofertilizers along with foliar application of boron. Combined use of seed treatment with molybdenum and biofertilizers along with foliar spray of boron at 4 weeks of planting (S 3 F 1 ) showed significant effect and emerged as superior combination for the growth and yield attributes of cowpea (Table 2 ) and recorded the maximum vine length (87.56 cm), highest leaf chlorophyll content (34.29 SPAD value), nodule number (27.83) and dry weight (199.34 mg) as well as root dry weight (1.52 g). The same combination (S 3 F 1 ) had distinctly improved the yield attributes and recorded maximum number of pods (31.43), longest pod length (24.39 cm), highest pod weight (18.29 g) and subsequently greatest total pod yield (449.13 g/plant and 16.89 ton/ha). The result revealed that the treatment S 3 F 1 produced 42% higher number of pods and 54% greater pod yield/plant over the control. The treatment combination S 3 F 3 and S 3 F 2 registered 41% and 36% higher number of pods and 51% and 45% greater pod yield/plant over the control respectively. Combined seed treatment with molybdenum and biofertilizers along with foliar spray of boron at 4 weeks of planting showed synergistic effect and resulted in improvement of morphological traits of cowpea in the form of longer vine length, more number of nodules/plant, nodule dry weight and root dry weight that triggered more flowering, better pod setting and higher pod yield.
Effect of micronutrients and biofertilizers on postharvest soil pH and status of major nutrients in soil
The result (Table 3) revealed that the micronutrient and biofertilizers treatments had significant effects on availability of major soil nutrients after harvest of cowpea plants; however, the changes in soil pH showed non-significant effect. Among the molybdenum and biofertilizers seed treated plots the maximum residual nitrogen (191.21 kg/ha), phosphorus (25.21 kg/ ha) and potassium (123.61 kg/ha) were recorded by the plot where combined seed treatment with molybdenum and biofertilizers (S 3 ) was practiced. Again among the plots where boron was sprayed, the maximum residual nitrogen (181.24 kg/ha), phosphorus (24.12 kg/ha) and potassium (127.15 kg/ha) were recorded by the plot received boron spray at 4 weeks of planting (F 1 ). Among the interaction plots, after harvest of cowpea the maximum residual nitrogen (183.19 kg/ha), phosphorus (17.44 kg/ha) and potassium (122.94 kg/ha) were obtained from the plots where seed treatment with molybdenum and biofertilizers along with foliar spray of boron at 4 weeks of planting (S 3 F 3 ) was adopted. The results showed that management of micronutrients and biofertilizers in the form of seed treatment with molybdenum and biofertilizers, and foliar spray of boron at flower intuition both had prominent effect on availability of major nutrients in the soil. Presence of favorable soil environment and essential macro and micronutrients might have promoted the nodule bacteria for nitrogen fixation as well as enhanced the availability of nitrogen, phosphorous and potassium in the soil. Srivastava and Varma (1995) 
